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Abstract
The percentage of GFLV-affected plants and its geographical distribution, in 
“Palomino Garrido Fino”, “Zalema” and “Pedro Ximénez” grapevine cultivars 
from respectively “Aljarafe” of Sevilla, “Condado de Huelva” of Huelva and 
“Montilla-Moriles” of Córdoba were determined. All the plots in “Aljarafe” zone 
presented some plants with virus (average 14.2%), and higher incidence in the North 
(> 20%) than in the South (< 6%). The “Zalema” GFLV-distribution was more 
heterogeneous, being the central area, with better wine quality, that with lower 
virus-attack (8.7%). The infection average of this cultivar was 27.5%. In the 
“Montilla-Moriles” zone, the infection average was 26.2% and the geographical 
distribution was very heterogeneous. Nevertheless the vineyards with higher virus 
attack appear grouped. This area was the only with some plots free of GFLV 
presence. No relation was established between GFLV-infection and plant density or 
rootstock type and low relationship was found with plant age, bad cultural 
conditions and Xiphinema index or italiae. The use of non controlled GFLV-infected 
scion for grafting was the most important way of virus transmission. The in vitro 
culture was a good method for the obtaining of GFLV free plants, reaching even 
100%. The in vitro culture was also interesting to establish differences between the 
non-infected and infected plant material, according to the in vitro plant stem 
growth, being significantly lower in the infected one. In a field experiment with 
“Zalema” cultivar, signs of juvenility (very high growth, red colour and pubescens 
in leaves and no production) were observed in the growing scions the first year after 
grafting. In the following years those sings disappeared and the production was 
practically two-fold of the normal field surrounding plants. 
INTRODUCTION
GFLV is the most extensive and harmful virus in the vineyards, causing the most 
profound economical losses (Ribereau-Gayon and Paynaud, 1986; Krastanova et al., 
1995). The virus is widespread due to the good conditions of the host grapevine plant 
(Coiro et al., 1984) and the existence of different transmission vectors. 
Among the different methods to detect the presence of GFLV in the plant 
(Roberts, 1964; Hill, 1984; Cristie and Edwarson, 1986; Roberts, 1986; Nau-Jing, 1988) 
the ELISA test is specially known for being reliable and quick (Gugerli et al., 1984). 
When a high level of the GFLV infection exists, it would be advisable to have the 
possibility of obtaining virus free plants. Thermoterapy (Vuittenez, 1960), chemotherapy 
(Kassanis, 1952; Kummer y Semal, 1970) and in vitro culture (Gifford et al., 1961; Galzy, 
1969; Barlass and Skene, 1978; Harris and Stevenson, 1979) are suitable methods. Cantos 
et al. (1993) obtained very good results by combining both thermoterapy and in vitro 
culture. 
“Palomino Garrido Fino” is a typical grapevine cv. of the “Aljarafe” zone of the 
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province of Seville (Andalusie, Spain) where high quality must and white table wine are 
produced. This cv. has been described by García de Luján et al. (1990) and studied by 
Collantes (1996), García de Luján (1999) and Paneque (2000). 
“Zalema” is the most typical grapevine cv. of the “Condado de Huelva” 
Registrated Appellation of Origin Mark, where it has been studied by Pascual and 
González-García, (1975); Cantos et al., (1993); Paneque et al., (1996). “Zalema” cv. has 
been traditionally dedicated to the elaboration of amber colour, high bouquet flavour 
liquor-wines. Recently “Zalema” fruits are also used to the production of young, fruit 
flavoured white table wines. 
“Pedro Ximénez” cv. is cultivated in an area representing over 90% of the total 
vineyard surface of “Montilla-Moriles” Registrated Appellation of Origen Mark. This 
cultivar. has been studied by  Marcilla (1963), García del Barrio et al.(1980); Lescure et 
al. (1995), Paneque et al.(1999). “Pedro Ximénez” is a typical cv. for very famous dark 
liquor-wines production but to day its use for white table wines is also beginning. 
MATERIAL AND METHODS 
According to the zone surface, 9, 16 and 28 representative plots of approximately 
0.5 ha each and distributed throughout the respective zone and cultivar (“Palomino Fino” 
in “Aljarafe”, “Zalema” in “Condado de Huelva “ and “Pedro Ximénez” in “Montilla-
Moriles”) were selected (Figs 1, 2 and 3 respectively). 
To determine the level of GFLV infection one adult leaf per plant of each 
vineyard-plot was sampled at the end of Spring. Every leaf was gently washed with tap 
water and then with distilled water. After that, the mesophyll of each leaf was cut into 
small pieces and analized by ELISA test according to Gugerli et al. (1984). 
For the in vitro experiments GFLV-affected and non affected uninodal explants of 
near 2 cm of length were used. The explants had been previously disinfected by one 
immersion for a few seconds in 70% ethanol and another immersion in 12% sodium 
hypochlorite (3,5% active chlorine) after the addition of some drops of Tween 20 (20 
min. at 35ºC with stirring). After the disinfection, the explants were placed individually in 
sterile test tubes containing 10 ml of VID culture medium (Troncoso et al., 1990). Once 
covered with plastic caps and sealed with parafilm, the tubes were then placed in a growth 
chamber at 23?1ºC, 30 µEm-2s-1 of light intensity and 16 h photoperiod. After 90 days of 
in vitro culture, the number and development of the infected and non infected in vitro new 
plants was compared. From these plants, new explants were prepared and in vitro cultured 
(subculture) as mentioned above. 
For the in vitro obtaining of free virus plants, meristems of 0.1-0.2 mm were 
prepared by cutting the apical end of in vitro cultured virus infected plants. These 
meristems were cultured through in vitro as previously indicated and the regenerated 
plants were analyzed by the ELISA test. 
The isolation of Xiphinema was reached by Flegg (1967) method and their 
identification by Thorne and Allen (1950); Martelli and Lamberti (1967) and Heyns 
(1974) ones. 
Free-virus “Zalema” plant material was grafted in field on 110 Richter 
(Berlandieri × Resseguier nº 2 × Rupestris Martin) and on Paulsen (Berlandieri × 
Rupestris) rootstock plants and their development controlled through five years, in 
comparison with control plants grafted with field “Zalema” plant material. 
RESULTS AND DISCUSSION
In all the selected plots of “Aljarafe” (Fig. 1) plants affected by the virus were 
discovered, showing the profound expansion of the infection. Nevertheless the number of 
infected plants differed from one plot to the next and the infection-average was no high 
(14.2%) being the main of the plots under 16% of affected plants. The percentage of 
affected plants increased from the South to the North of the zone (Fig. 1). 
The distribution of affected plants of “Zalema” cv. in “Condado de Huelva” was 
more heterogeneous (Fig. 2). Nevertheless, the main concentration of high number of 
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infected plants was in the West part, but some areas also in he East, being the central and 
more characteristic part that with lower level of infection. In all the selected plots existed 
affected plants meaning the high expansion of the disease and the average of infected 
plants was 27.5% higher than those of “Palomino Garrido Fino” in “Aljarafe”. 
The distribution of affected plants of  “Pedro Ximénez” cv. in “Montilla-Moriles” 
was the most heterogeneous existing plots with very high number of infected plants 
together with other with low level of infection (Fig. 3). Nevertheless, the plots with high 
degree of inffection (> 30%) normally were grouped in different areas of the zone. In this 
Mark, plots without any GFLV contamination appeared. The plant-infected average was 
26.2% considering all the plots and 30.6% considering only the affected ones, meaning 
similar levels that those of “Zalema” cv. in “Condado de Huelva”. 
A relationship, but not very significant, was established among concentration of 
Xiphinema index (r=0.3219) and Xhipinema italiae (r=0.4048) and degree of virus 
infection. Plant age and cultural conditions also affected, sometimes, virus presence. In 
general, but not always, the vineyards with a higher percentage of GFLV infected plants, 
were formed by old (> 30 years) and damaged (poor growing conditions and insect 
attacks, mainly termites) plants, on soils with flooding problems. No relation was found 
between virus-attack and density of plant (between 1600 and 4000 plants/Ha) and class or 
rootstock (110 Richer or Paulsen). Then these factors cannot explain the GFLV 
geographical distribution in the three zones considered. 
The use of virus contaminated plant material for grafting is considered one of the 
most important vehicles of virus transmission (Bovey et al., 1980; Pérez-Camacho, 1981). 
Until now, it has been a total lack of control over the plant material to graft in the 
three zones in consideration, using scions from the filed-plants with high possibilities to 
be infected. Then this could be the most important way of GFLV-expansion in the 
cultivars considered. 
The influence of the GFLV-infection on the in vitro stem growth of the three 
cultivars in consideration is shown in Fig. 4. High significant differences were observed 
between the normal growth of the non infected stem of each grapevine cv. and the very 
low of the infected one. These differences, could be important  to help to a better 
knowledge of the plant disease. 
According to the results of table 1, the in vitro culture of plant meristem is a good 
method for the obtaining of virus free plants with all the cultivars considered. 
On the field experiment, the grafted in vitro obtained “Zalema” free virus plant 
material showed during the first year a development with signs of juvenility. There was 
no production while plants grafted at the same time with normal field “Zalema” plant 
material showed some low production. On the contrary, the growth of the free virus 
scions was clearly higher than the normal, and their leaves much bigger, with red colour 
along the veins and pubescence. After the first year the signs of juvenility disappeared but 
the shoot and leaf growth continued to be higher but with less differences and the 
production was practically two-fold than that of the normal field surrounding plants. In 
consequence, the in vitro obtained free-virus plant material offered interesting field 
culture conditions. 
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Tables
Table 1. In vitro obtaining of GFLV-free grapevine plants from meristem culture. 
Cultivar % 
Palomino Garrido Fino 85-100 
Zalema 65-100 
Pedro Ximénez 82-100 
Figures
Fig. 1. Distribution and degree of  GFLV virus infection (% of infected plants) of the 
different sampled “Palomino Garrido Fino” vineyards in “Aljarafe” (Sevilla) 
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Fig. 2. Distribution and degree of GFLV virus infection (% of infected plants) of the 
different sampled “Zalema” vineyards in “Condado de Huelva” (Huelva) 
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Fig. 3. Distribution and degree of GFLV virus infection (% of infected plants) of the 
different sampled “Pedro Ximenez” vineyards in “Montilla Moriles” (Córdoba). 
Fig. 4. Influence of the GFLV-infection.on in vitro (60 days) stem-growth of three 
grapevine cultivars. 
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